environmental variables, and some also include an inoculum Years with above-normal rainfall in either April or May were concentration variable to predict disease symptoms. Royle (11) analyzed further to compare daily minimum and maximum accurately predicted downy mildew symptoms with a multiple temperatures during wet periods of years with and without severe regression equation that included the independent variables of epidemics. A wet period was identified as a day with rainfall >0.3 rain-wetness duration, amount of rainfall, and airborne spore mm in years that exceeded the 28-yr mean for precipitation or days concentration, and also with a second equation that involved only of precipitation in either month. These periods were chosen as a relative humidity and rainfall, means to indicate temperature when sporulation and infection Hop downy mildew is associated with moist weather (10, 17) . might occur. The maximum and minimum temperatures of each Temperature also influences disease development, possibly through its effect on sporulation (15,18) and infection (10). This study was initiated to relate the effects of moisture and temperature variables and the development of hop downy mildew epidemics during a 28-yr period in the Yakima Valley of Washington relative '$ ,,.
to eventually developing a forecasting system for the disease. 0
MATERIALS AND METHODS

YakimaMoxee
Years with severe downy mildew epidemics from 1954 to 1981
,Sunnyside
were identified from Washington Hop Commission newsletters, 0 e which described crop conditions each year. Years with no mention 'Ver of downy mildew epidemics were classified as having either no or Kilometers only mild epidemics, and those for which epidemics were 0 10 20 30 Prosser mentioned were classified as having had severe epidemics.
Rive
The severity of epidemics was quantified in 1980 and 1981. 1318 Disease incidence was monitored from mid-April to mid-August in col 'm
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. § 1734 solely to indicate this fact. wet period were determined. Total precipitation and number of wet (Table 2 ). There were essentially no differences in these periods were determined when the minimum temperature of the observations in June, July, and August of epidemic and wet period was above 7 C. This temperature was chosen because the nonepidemic years. There was also no significant difference in quantity of sporulation in the field increases rapidly when maximum daily temperatures in any month from April through minimum night temperatures are above 7 C (D. A. Johnson and C.
August between epidemic and nonepidemic years during the 28-yr B. Skotland, unpublished), period. Daily mean temperatures (not shown) followed the same pattern as minimum daily temperatures, but differences in daily RESULTS mean temperatures in April and May between epidemic and nonepidemic years were less than those with minimum Severe hop downy mildew epidemics occurred in 9 yr during the temperatures. period 1954 to 1981, and 19 yr had little or no disease ( Table 1) .
A stepwise discriminant analysis program (2) selected April Total precipitation, days of precipitation >0.3 mm, and minimum precipitation and the number of days with precipitation >0.3 mm daily temperatures were generally greater in April and May of years in May as predictors of downy mildew epidemics. Classification with severe epidemics than in years with mild or no epidemics functions obtained were: May 17.7 ± 4.1 10.8 ± 3.3 6.0 ± 0.8 3.2 ± 0.5 8.0 ± 0.6 7.1 ± 0.2 23.5 ± 0.8 23.4 ± 0.3 June 10.7 ± 3.4 9.3 ± 1.8 3.9 ± 1.0 3.2 ± 0.5 10.9 ± 0.4 11.2 ± 0.3 27.7 ± 0.6 27.8 ± 0.4 July 5.4 ± 1.5 5.6 ± 1.7 1.7 ± 0.6 1.9 ± 0.5 12.7 ± 0.5 12.9 ± 0.2 31.6 ± 0.5 31.9 ± 0.3 August 5.7 ± 2.4 7.8 ± 2.2 2.6 ± 0.7 2.3 ± 0.6 11.9 ± 0.4 11.8 ± 0.4 31.1 ± 0.6 31.0 ± 0.5 a Data for 9 yr of severe downy mildew epidemics. bData for 19 yr with either mild or no downy mildew. 'Mean ± standard error of mean.
Severe: 0.18 (April precipitation)+ 1.20 (May days > 0.3 mm)-6.04 precipitation in May (Table 1 ). The year 1958 had a high number of Mild: 0.09 (April precipitation) + 0.63 (May days >0.3 mm) -2.10 wet periods with warm minimum daily temperatures in April and May (Table 3 ). The misclassified nonepidemic years were also Both classification functions were evaluated for each year. A year misclassified in the first analysis. was then assigned to the group with the largest classification When minimum daily temperatures in April and May and the function. These classification functions correctly classified 79% of number of days of precipitation in May were used in the the years with respect to downy mildew occurrence, classification functions, 71% of the years were correctly classified. The epidemic years of 1956 and 1981 were incorrectly classified.
In years with severe epidemics, the average minimum In these years, there was no rain in April and the amount of rainfall temperature was generally higher in April and May during wet was below the 28-yr mean in May, but above the 28-yr mean in June periods than in years of high rainfall and mild or no epidemics (Table 1) . However, the days in which precipitation occurred in (Table 3) . Years with severe epidemics generally had more 1956 and 1981 equalled or exceeded the 28-yr mean in May and precipitation, and temperatures above 7 C during wet periods than June.
years with high rainfall and mild or no epidemics. In the nonepidemic years, four years were misclassified. The 3 yr
The percentage of hills with systemically infected shoots on 1 with either mild or no epidemics (1960, 1961, and 1969) had high May in six yards ranged from 0.1 to 0.4%, with a mean of 0.17% in total precipitation and many days of precipitation during April and 1980; it ranged from 0.4 to 2.5%, with a mean of 1.1% in 1981. May. The remaining misclassified year, 1977, had total Disease incidence on 2 July ranged from 36 to 60%, with a mean of precipitation and days of precipitation in May greater than the 46% in three yards not treated with fungicides in 1980; it ranged 28-yr means (Table 1) precipitation in June contributed to disease development when of compensation were proposed by Rotem (7) to explain such preceded by wet weather in May.
phenomena. Severe epidemics occurred when above-normal minimum Forecasts for the potential incidence of hop downy mildew temperatures in April were followed by warm, wet weather in May.
epidemics in the Yakima Valley could be made each year on I May. Warm weather in April promotes vegetative growth, early Moisture and minimum temperatures in April, the number of emergence of systemically infected shoots, and earlier infection, systemically infected shoots in yards at the end of April, and the Warm minimum temperatures were needed during wet periods in weather forecast for May would need to be considered. April and May for epidemic development, whereas cool minimum Systemically infected shoots would be monitored in hop yards temperatures during wet periods were not favorable for disease throughout the Yakima Valley to determine the initial inoculum. development (Table 3) . The nonepidemic years, 1960 and 1977, This empirical forecast would be general in nature, advising were misclassified in the discriminant analyses because cool growers near the beginning of the growing season of the likelihood temperatures during wet periods checked disease development, of an epidemic. Such an advanced warning is important when Royle (10) reported that downy mildew infections in England fungicides are to be applied over large areas and coordinated with were not correlated with temperatures, whereas we found that irrigations. Use of a systemic fungicide, like metalaxyl, which warm minimum daily temperatures in April and May favored provides protection for 4-6 wk, would have utility in this system. disease development. An explanation is that temperature was not
Further, in Washington we use the empirical forecast with a system sufficiently low in England to restrict disease development (10), to predict infection periods (4). The two systems provide a longwhereas in Washington, low temperatures frequently restrict term outlook and specific forecasts for infection. sporulation and infection, especially in the spring when rain usually occurs. We have observed that night temperatures <5 C inhibit sporangial formation on systemically infected shoots. Royle (9) LITERATURE CITED reported that the threshold for local infection is 5 C, and for systemic shoot infection it is 8 C.
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